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1. Introduction 

As is known, the gauge theory of the strong interactions, 

quantum chromodynamics (QCD), involves quanta (gluone) which 

are expected to form bound states with each other. In general , 

these gluonic bound states cab be expected to mix with neutral 

isoscalar mesons composed of quark-antiquark pairs. In parti­

cular, both recent candidates for gluonic bound_ "tates L ( 1440): 
PC -+ PC /)++ J -= 0 /1/, e (1690);) =Iv /2/ may have quark-antiquark 

admixtures. This can be checked up in different ways. For ex­

ample, Rosner /J/ has introduced a simple test of quark admix­

tures in neutral mesons based on radiative decays. 

Kawai /4/ has paid attention to the fact that not only LO 
but also IY[ O and "l_

10 were detected in radiative J/l/' decay 

products. All these processes can proceed via two or more 

gluons annihilated by the ortho-charmonium, as this fact exem-
t 

plifies that there are gluon admixtures in 'l'1_ , '( mesons, 

Furthermore, there is a set of experimental data on li/\f and l<A 
I 

reactions involving 1_ and 1_ productions. As for the cor-

rect description of the available experimental data on proces-
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I 
see involving 'l1_ • 7l and L. mesons, t he mixing of these 

me s ons should be assumed. 

In this ' paper we assume t hat the mixing should"occur bet·­

' . ween '7 , '?. , and L , and use the Regge descript i on of 
- II ttp ...... ~ <11 n react ions to determine the mixing parameters. 

~u 
In Sec.2 we have described the model t a kes into account t he 

I 1 a~ l 1 
rix. Sec.J presents 

reections. In sec.4 

mixing by means of the quadratic mass mat ­

the Regge description of the 11-p-~ U'(J 11 
L-. ~a 

we have defined the values of the model 

parameter. In Sec.5 w~ have given the predictions of the model 

for the large n11mber of the two-body decays with the 'Y( , "'/.' 
and L pseudoscalar glueballs, as well as those for the dif­

ferential cross sections of pr oduc tion of those gl11eballs i n 

the hypercharge exchange reactions. 

2. The·Mixi ng Matrix for Ps eudoscalar Mesons 

We s ha ll be working on the basis containing the f ol lowing 

states: 

IN>= jz 1uu+Jci>, ( 1 ) 

IS>== 1ss> , ( 2 ) 

I G > = I ~ R uo n l.u m > 
()) 

A physical state l.f' is their linear combinat i on 

l'P>::::cxlN>+7fl.S>+ ~IG> ( 4) 

-4-

where 
2 z 2 J 

The 

only 

x -+~ -+ ~ = .l.. (5) 

gluonic admixture in the physical state is possible if 
i 12 2 

l = 1- >< - d > 0 . We shall neglect everywhere the 

small cc admixture in the states under consideration and neg.­

lect also mixing with radial excitations, ~lthough they may be 

essential at more exact consideration of t (1440). 

There exists a considerable difference between the effec-

tive masses of strange and nonatarange quarks, which becomes 

particularly noticeable in the pseudoscalar meson case. This 

difference was considered the main cause of all effects of the 

,)U(J) symmetry breaking, including the octet-singlet mixing. 

iowever the introduction of gluons violates essentially this 

picture, since they can destruct and reform both the strange 

and normal quarkonia. Moreover, they can mix gl11onium with 

quarkonium. Hence the general case, the meson-gluon mixing 

becomes inevitable. 

The ideal basis {!Al), f 5) , \G)) contains the state 

vectors of normal and strange quarkonia and pure gluonia. It 

is evident enough /J-5/, that IA'> is the orthogonal partner 
co 2 2 

of I ti > . and one may assume that rn.v :: m~o. As for 
1. ()2 2. 

the Gell-Mann-Okubo mass formula yields m
5 

= f,, tl1 K - rn 1i 

The gluons, due to confine~ent, acquire some effective mass m~ 

so one may show /4/ that 
~ 

gluonium, where < t:::.l- > 

2. ' ~ m& ~ 2 < \:::1 > for the two-gluonic 

are fluctuations over transverse mo-

mentum of the constituent gluons. 

As was mentioned by many authors (see, 'e .• g. /J-5/), the 
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annihilation of the 'f-~-system into gluons is responsible 

for the strong mixing of the pseudoscalar states in QCD. Henc~, 

the corresponding terms must be added to the mass matrix of 

isoscalar mesons. In the lowest order of the perturbation 

theory the annihilation terms for t he pseudoscalar mesons con~ 

sist of two gluons. 

Then, the quadrat.ic mass matrix for the pseudoscalar me-

sons including th~ annihilation terms ;li. 

as follows I 41: 

can be written 

(

?. '2. 
/\ f'n,v + z .A,11 

M =- ./fANA.S 

Yf 'A,.;A.ar 

v'i' A,vA:. 
2 ~ 

m~ + ;:ts. 

A.~ ::l~ 

/Z.A.,vAG ) 
As::lGr 

'2. 
m'2.+ Iler 
~ 

(6) 

Here At means the contribut i on of the anni hilat i on term in-I 

to the matrix element des cribi ng t ransit ions ~i ~i~ i Jii 
As distinc t from Ref. 3, we choose a quadratic mass matrix, 

since the mass formulae for the meson mass square are fulfillsµ 

much more be tt er / 6/. 

In this matrix we have four unknown parameters l'l'\ar ,A,v, A3 

a nd ;:\Clr • Hence we need a t leas t four equations to def ine 

those parameters. 

The physical eigenstates \ '¥ > must satisfy the equation 

for the eigenvalues 

/\. 

M1t> MI 'f'> (7) 

where 

-b-

t 

\~I 

I~> 

I iii'> 
I l. > 

M 

i. 
l'Y'l( ~ 

fVl1' 

0 
0 

2., 

m· L 
( 8) 

From the condition of equality to zero of the system (7) deter­

minant we obtain three equations 

'I. ~ ~ ~ l. 2 ii. z ~ '\'J, fJ. z 1 z 2 
rnN ms m~ + z AN tr15 111~ + ;:i.s /'Y).41 trla.. + /\c, 1'11N ms:. rri7m71 "'i 

'l. 'Z 'Z z ~ ~ '2, 2 '2. '2. 2. ~, m,v rn.s + ( m~ +ms) ma.+ Z :.:l,AI rn-> + ;:i~ mN-+ .1c; (rriN+rn!>r 
1, '2. '1. I}. fl., ~ f},, (/. · ~ 

+ (Z;;l,c,+..1~)mG =- rn17 m71+ mi:i ' mi. + m7m')9> 
'2. i izn 2 12. '2 '2 ~ ti, 

m..v+ Ms +ni0r+·f(,J,v+~5 +;:/G- = m7 +m7-' -+mi 

Further, we shall define the unitary matrix "(;f which 

transforms the ideal basi s i nto t he phys ical one 

{IN>, 1 £>),/ G) ~-{17>,lf>,li)Jthen v A v~.i 11, 
2 

diagonal el ements rn 1 , rn ?' is to be a diagonal matrix with 
'2. 

and m ~ • Thi s condition leads to the following expression 

forU: 

(

}(1 ~"l ~1 J 
V = x"l' '211' 21' 

X· lf. li 
l 0 I. 

where 

I "l) = X7 IN).+ d'7 Is) -+ ~ '? / G) , 

, l"l')=XrlN)+y71/5) +z7'1 G> 
'( 10) 

I i.) =- Xl/ N)t (fi f s) + zi I G). 

. 1-=-r " 'Z 12 
Yk . =- v Z .A.v tt G ( ms• nt k ) C "' , 

'2. ti. ) d K. ::::. ~!!> ~Gr ( MAI - M K c K. 

-7-



IZ 2. tz 12.. tz, a 9-. 12.1 
~IC = [ Q, A.v t\s - (m.v + Z )~ - rnw.) (f'Yl&+As -M1<} C1c , 

{ 

q.rz ti. ti.'2 ~2. 2 2~ . 
c_ :::. i A,v t1 G ( ms - m k ) + ;:ts ti a. ( m .v - rY11<} -t 

~ ( 2 '2. '2. i 2 2 ~ 1~ i-V:~ 
+ [ <l.1.,...1\

5 
- (tv1,11+ 2).v-mt<) (P1~ -1-A.!!> -rn ... ) J <11) 

( \<= '?.·('· l.) 
In orcer to define the unknown parameters of theory f"Yl~, 

AN, ~ s. and t\Gt , we already have three equations (9), ao 

we are to choose from the existing experimental data some 

fourth equation which will just help us to solve the whole sys1 

tam. 

J. The Production of Paeudoacalar Glueballa in High 

Energ.v Interactions 

In Refs./J/ and /4/ the widths of the radiative decays 

figured as additional equations to define the theory parameter+ 

mar , ~Al' ~ s. and AG- • Unfortunatelly, these widthe. 

were defined insufficiently experimentally, which resulted in 

large errors when defining the model parameters. 

The strong interaction processes at high energies were 

defined wi th a much better accuracy. Therefore we shall use 

as a fourth equation the ratio of the cross sections 

R = JG/Ji (~-p- 7
1

n J 
d <0/ dt (<V--p-'7. h) 

( 12) 

The cross sections of these processes were measured in 

1979 and given in Refs. /7/ and /8/. 

-8-, 

Only c>ne Regge trajectory A~ together with i ta pomeron 

branches contrib~tes to the amplitude of processes ~{p-nz<17')n1 
The amplitudes of the process "ii-P- "l ( "'l ') n with exchang, 

of the A2 trajectory were parametrized as follows /9/: 

M~i= 
MA2 -
I \! -

E. f'l'J A t ;\OA t" 
-Ai (At. ao .R, t. 

'I 

j:f' E,. m ~A ii. ..Q ;l, -'it-
~ l~2 ! ' 

(13) 

where 
Ol149(0) 

t 
CAii=. 2p~ ( ~~) ; 1,4,,_: i.-cw ¥ ()(,.zcoJ 

( 14) 
z ' [ n . ('."'"" .] At A~== R l A2 + Cli+2 .x n ( i=.iz-~..J - l;, 

The contribution of the branches was calculated using the 

quasi-eikonal formulae (see, e.g. /9/). 

The from of trajectory A ~ was defined in /9/ i 

ct.Az ( ~) = 0. 41 + 0. 6 3 t. 
The shower amplification coef:('icients CoA.z= c!A9.= { • Only . R~ ()'2. 
four parameters ao , QL , 0 and ~l , which were defi-

ned from the comparison with experimental data of Refs. /7,8/, 

remain in the · model. The obtained values of the se parameters 

for both reactions 1i°-p - ( ('?_I) n are' given in Tabl! 
1 • 

The obtained results for the differential cross sections 

-9-



- ') of the processes~ p-1 ( '? rl are given in Figs.1 and 2. 
t....; x~ - . 

The plots of the differentiar cross sections "ti" f _. L n 
are not given here, since their dependence on differs weakly 

from i - behaviour of the cross sections of reactions 

<ff-p - "l C1'J n. 
The earlier results /10/ of the FNAL group are also plot-

ted in Fig.1. In all these experiments they measured only the 

production cross section "l. ( fr/. 1
) at the decay '7_ ('?

1 
)_,z,i.e. 

11-p-(C'?'Jn = <f(p-1<~a)[iy'(UJ1 n 
~00 

Hence, in order to c~lculate correctly the quantity R. one 
f 

should take into account all modes of the decay "?._ and ( 

Then we shall have 

R = Jr;;;/di(lip-1
1
<U) n) • 

dG/di ("R-p-1(uJn) 

BR (f'l-Kd') 

BR( 1 ~Kd') 
( 15) 

But actually, a much more important physical information con­

tains the following quantity 

I f/z 

R == a~ ( BR<"'~~tJ ) 
1 

i a.T BR(~'-~~) 
( 16) 

which is free from uncertainties contributed by the branches 
I 

in the cross sections ~ and ( , which generally may be 

different. Qi is simply the ratio of the Regge residues Ai 'ti 7 
and Azi(I. In our notations (10) we have 

Ri I~~\ 0.786 :t 0.068 (17: 

-10-

The partial decay modes were taken from /11/ 

BR<1'- oo) 
BR. ( 1-od) 

In Ref./8/ it was obtained that 

R 

0.019 ! 

0.391 ! 

0.002 

0.008 

= 0.55 :!:: 0.06 
( 18) 

If the contributions of the branches into the both proces~.­

[( Z = R m1lst take sea are ~he same, then the relation 

place. 

In our case 

R~ = 0.61& ! 0.11 

which coincides sufficiently exactly with (18) and points out 

that the contributions of the branches in these reactions al-

most coincide. 

Fig.J presents the ratio of the cross sections '( 
I 

and ( 

as a function of transferred momentum. The observed dependence 
2 

on t is due to the fact that R.~i in the both reactions difl 

fer somewhat from each other. 

Fig.4 shows the polarizations of 

As is seen from Fig.4, the dependence 

the reactions i(p-~(ni'Jn . l+~o 
of the polarization on 

transferred momentum charges weakly as energy increases. 

Thus we have obtained the fourth equation we need to de -

fine the four Unknown parameters ma- , ~ ,V I i\~ ) i\ G-

• 
4. The Definition of the Model Parameters 

We have now several possible ways to define the model 

-11-



parameters mG' AN' ~s and ;:\G : 

i) they can be defined by adding to the three equations 

(9) the fourth one (17) 

and 

R.l = 
'lo '2. 

t'l'ls - m"I' 
'L 

ms - m"t 
ci: =-03 8b±0.06f!c19) 
c "t 

ii) one can add to (9) two equations with 2t decays~ 
'? / as it was done in Ref./ 4/, and add also 

. ~ i 
r<t<- 2 ~l = .J..(r.1 ... ) [5x"+'5vTd~] 
r (<::O '2Y) S f'l'lt.o ' f (20) 

"- (} t<.•1'•'? 
iii) or u&e, as in Ref./3/, the whole set of experimental 

data. on radiative decays with participation of tha "/. and'?' 

mesons. 

We have tried all the three versions and added also the 

fourt h one which is a combination of the first and the third 

versions . 

The obtained results are given in Table 2. 

The comparison of the results of all the four versions 

shows that the parameters mer , Aµ , ~ s and ;\~ ca1-

cu1ated in the four different ways do not practically diZfer 

from each other. The difference appears only, in the magnitu­

de of errors of the calculated parameters. The errors are 

minimal in the fourth version, which is quite natural, since 

in this case there are nine equations to define the four para­

meters. The fact that in all the four versions the values of 

the parameters are practically the same points out, first, th~t 

our obtained solution is stable, and second; that the used set' 

-12-
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of experimental data is self-consistent. ~ 

The same table lists the values of -X7n , where n is 

the number of equations participating in the fitting procedure, 

Besides, the table presents the values for )(~, 'a~ and 

rii:. calculated by formulae (9). These values just define a 

' relative contribution of different states to '?.. , "l and 

L (1440) mesons. 

It turned out that the l meson contains almost equally 

from the contributions of IP) and ls) states with a very 

small admixture of !G). All the three states contribute al-

' most equally to the "?. meson. The main contribution to the 

l (1440) meson is !G) state, but there is a suffic~Antly con-' 

siderable admixture of IN) and\ S) states. 

5. Some Predictions 

The values of X 1t. , ~ "- and ~ t< given in Table 2 can be 

measured directly in the experiment. Besides, as it was shown . 
in Refs. /3,4/, all the experimentally measurable quantities 

must be expressed via these mixing parameters. For example, 
I 

one can give predictions for the radiative decays of { , 7 
i. (1440) mesons. 

In Table 3 are given the predictions for the large number 
. I • 

of the two-body decays in which the ( , "1 and l ( 1440) 

•mesons participate. One can see from the Table that the predic­

tions of different versions agree well to each other and differ 

only by.the magnitude of the theoretical error'due to the un­

certainties of the model parameters. One can say that our pa­
rametrization ensures quite a self-consistent pattern of mixing 

-13-: 



for the pseudoscalr glueballs. 

The t. - ~ ~ decay may occur only if L has an admixtur e 

of/N) and IS) states , i.e . this decay may serve as a test 

point i ng out that L (1440) is not a pure gluonic s tate . 

model predicts that 

The 

r ( i.- ~~) = 5. 5g±L.8 \<.QV. <21> 

i.nd 

In Ref. / 4/ attention was called to the fact that"'/. , "/.' 

L mesons wer e found ut in the radiative decaysotT/f. Al j 

t hese decays may oc cur only via two-gluon annihilation of or­

thocharmonium. It turned out t hat the ra t io of the wid t hs of 

the J/'f- '? 0 , J/1-f- { 1K and J/'f- l Q decays is of 

the same or der of magni tude /11/ : 

B!tO/t-"I~) ; l?>R(rN-7'<t): 1?>R<7N- i.~) = <22> 
= L 0 : ( 4. 2 :± .!. ) : (Lt. g 8 :t '/.. 4 ) . 

This means that their couplings to gluons are the magni tude s 

of the same order, hence there exi s t s strong mixing of'?_ , "? ' . 
and t • 

The widt h rCJN- k~) . (K • "[>'?~i)is connected with 

.{Z'),Al}('I<+ ::\s'(ft<.+ ?- ~ :Z:k /4/. Taking into account the P- wave 

f actor (1 - m~/m'itt )3 we shall arrive at the followin._, 

relations 

BR.(rN-'7~): BR(J/~-1'0): BR.CJN-ta) = 
= i: ( £. 4 2 ± 0. 3 Z) : ( 6.1 ~± i.1), 

which quite agree with the experimental values of ( 22). 

(23) 

Recently, there have appeared new data on the width of 

the decay J"/'f- "'/ 1Q /12/ 

-14-

i{ ., 

BR ( :J(~ - 7 1d)-= 0.Lt6 ± O.OL( ± 0. 0 6 '5 

which yie lds 

BfZ(:rt~-'70): t3R ( r!'f-~ 1a-J=1.: (5. 3S±i.J 
(24) 

agreeing very w.ell with ( 2 ) ) 

Table 3 presents also the rat io 

Ri. = 
de:/df.('fi-p- l h) ::. 0. z g 
~ e5 / cH (~ -p- { n ) . 

± v. 1.:.J • 
(25) 

Thus the cross section of the process li -p _.. L n turns out 

not a small quantity and may successfully be measured experi-
. mentally, However some complications with the detection of t 

occur here, since one will have to observe the three-body de­

cays i..- K k li" instead of the simple one i.- ~ ( Because 

R· .... = Jr0/dt('fl-P-i().~)n) ::: 
l d~ cl~/c/~(ri-f'-7(:l~)n) 

= R· e>R(~-Z~J = 0 . 00053. 
L BR-<12-~r) 

(26) 

If one acceptfl r ( i. )= 16 MeV. then BR ( l.- z 6') = o. 00013. 

Using here the obtained values of the mixing parameters 

and our earlier calculated /13/ Hegge ones of the hypercharge 

exchange reactions we can makd predictions for the differentia 1 

cross sections of the reaction K-p- 7 ( '7 1
, L} ;\ which 

are presented in Figa.5-7. 

In conclusion, the aut hors would like to express their 

gratitude to A.B. Kaidalov for stimulating the wor k, and a lso 
to A.Yu.Khodja mi r i an for the useful discussions. 
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Table 3. The comparison with the experiment and 

the predictions 

Version '3 Version 3 Version 4 

0.62 :!:. o.07*) o.65 :!:. 0.016 0.66 :!:. 0.049*) 

0.29 :!: 0.2 0.21 :!: 0.18 0.28 :!: 0.13 

0.028 + 0.003 0.028 + 0.0026 0.028 + 0.002 
+ *) 31.99 - 1.7 38.56:!: 1.5*) 38.87 :t 1.0*) 

679 :!: s2*l 101 :!: 72*) 123 :!: 46*) 
6.93 :!:. 3 6.13 :!: 2.5 5. 58 :!: 1. 8 

0.063 ±. 0.02 + *) 0.084 - 0.0012 o. 064 :!: o. 0006 

0.075 :!: 0.025 + *) 0.075 - 0.0073 0.075 :!: 0.001*> 

0.087 ±. 0.026 + *) 0.091 - 0.01 0.094 :!: 0.0009*) 
0.0044:!:0.002 0.0045:!: 0.002 0.0044 :!: 0.001 

1. 1):!:.o. 48 1. 05:!:0. 4 1. 055:!:.o. 3 

5.11:!:.o • .§ ·+ 5.J-0.4 5.42:!:.o.32 

8.4:!:3 1.41:!:2.5 6. 13±.1. 7 

*)Quantities participating in the fitting procedure 
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